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We summarize theoretical calculations of Bc decays and lifetime in the framework of QCD sum
rules and compare the results with the estimates by the methods of Operator Product Expansion
in the inverse heavy quark masses as well as of potential quark models. The agreement of estimates
in the various approaches is discussed. The features of Bc decay modes are considered.
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I. INTRODUCTION
Decays of long-lived heavy meson Bc, containing two
heavy quarks of different flavors, were considered in the
pioneering paper written by Bjorken in 1986 [1]. The re-
port was devoted to the common view onto the decays of
hadrons with heavy quarks: the mesons and baryons with
a single heavy quark, the Bc meson, the baryons with
two and three heavy quarks. A lot of efforts was recently
directed to study the long-lived doubly heavy hadrons1
on the basis of modern understanding of QCD dynam-
ics in the weak decays of heavy flavors in the framework
of today approaches2: the Operator Product Expansion,
sum rules of QCD and NRQCD [5], and potential models
adjusted due to the data on the description of hadrons
with a single heavy quark. Surprisingly, the Bjorken’s
estimates of total widths and various branching fractions
are close to what is evaluated in a more strict manner.
At present we are tending to study some subtle effects
caused by the influence of strong forces onto the weak de-
cays of heavy quarks, which determines our understand-
ing a probable fine extraction of CP-violation in the heavy
quark sector.
Various hadronic matrix elements enter in the descrip-
tion of weak decays. So, measuring the lifetimes and
branching ratios implies the investigation of quark con-
finement by the strong interactions, which is important in
the evaluation of pure quark characteristics: masses and
mixing angles in the CKM matrix, all of which enter as
constraints on the physics beyond the Standard Model.
More collection of hadrons with heavy quarks provides
more accuracy and confidence in the understanding of
QCD dynamics and isolation of bare quark values.
So, a new lab for such investigations is a doubly heavy
long-lived quarkonium Bc recently observed for the first
time by the CDF Collaboration [6]. The measured Bc
∗Electronic address: kiselev@th1.ihep.su
1 Reviews on the physics of Bc meson and doubly heavy baryons
can be found in refs. [3, 4], respectively.
2 See the program on the heavy flavour physics at Tevatron in [2].
lifetime is equal to
τ [Bc] = 0.46
+0.18
−0.16 ± 0.03 ps,
which is close to the value expected by Bjorken.
The Bc meson allows us to use such advantages like the
nonrelativistic motion of b¯ and c quarks similar to what is
know in the heavy quarkonia b¯b and c¯c, and suppression
of light degrees of freedom: the quark-gluon sea is small
in the heavy quarkonia. These two physical conditions
imply two small expansion parameters for Bc:
• the relative velocity of quarks v,
• the ratio of confinement scale to the heavy quark
mass ΛQCD/mQ.
The double expansion in v and 1/mQ generalizes the
HQET approach [7] to what is called as NRQCD [5].
Moreover, the energy release in the heavy quark decays
determines the 1/mQ parameter to be the appropriate
quantity for the Operator Product Expansion (OPE) and
justifies the use of potential models (PM) in the calcula-
tions of hadronic matrix elements, too. The same argu-
ments ensure the applicability of sum rules (SR) of QCD
and NRQCD.
The Bc decays were, at first, calculated in the PM
[8, 9, 10, 11, 12, 13, 14, 15, 16, 17], wherein the varia-
tion of techniques results in close estimates after the ad-
justment on the semileptonic decays of B mesons. The
OPE evaluation of inclusive decays gave the lifetime and
widths [18], which agree with PM, if one sums up the
dominating exclusive modes. That was quite unexpected,
when the SR of QCD resulted in the semileptonic Bc
widths [19], which are one order of magnitude less than
those of PM and OPE. The reason was the valuable role
of Coulomb corrections, that implies the summation of
αs/v corrections significant in the heavy quarkonia, i.e.
in the Bc [10, 20, 21, 22]. At present, all of mentioned ap-
proaches give the close results for the lifetime and decay
modes of Bc at similar sets of parameters. Nevertheless,
various dynamical questions remain open:
• What is the appropriate normalization point of
non-leptonic weak lagrangian in the Bc decays,
which basically determines its lifetime?
2• What are the values of masses for the charmed and
beauty quarks?
• What are the implications of NRQCD symmetries
for the form factors of Bc decays and mode widths?
• How consistent is our understanding of hadronic
matrix elements, characterizing the Bc decays, with
the data on the other heavy hadrons?
In the present work we shortly review the Bc decays by
summarizing the theoretical predictions including new
calculations on the exclusive decays in the framework
of QCD sum rules and discuss how direct experimental
measurements can answer the questions above.
In Section II we recollect the inclusive estimates of
Bc lifetime in various techniques: the Operator Product
Expansion combined with the effective theory of heavy
quarks, the Potential Model approach and the QCD sum
rules. Section III is devoted to the application of QCD
sum rules to the exclusive decays of Bc meson, where the
estimates of form factors are given. The spin symmetry
in the Bc decays is discussed and tested in Section IV.
Our numerical estimates of decay rates are presented in
Sections V and VI for the semileptonic and non-leptonic
modes, respectively. We summarize our results in section
VII.
II. Bc LIFETIME AND INCLUSIVE DECAY
RATES
The Bc-meson decay processes can be subdivided into
three classes:
1) the b¯-quark decay with the spectator c-quark,
2) the c-quark decay with the spectator b¯-quark and
3) the annihilation channel B+c → l+νl(cs¯, us¯), where
l = e, µ, τ .
In the b¯ → c¯cs¯ decays one separates also the
Pauli interference with the c-quark from the initial state.
In accordance with the given classification, the total
width is the sum over the partial widths
Γ(Bc → X) = Γ(b→ X) + Γ(c→ X) + Γ(ann.) + Γ(PI).
For the annihilation channel the Γ(ann.) width can be re-
liably estimated in the framework of inclusive approach,
where one takes the sum of the leptonic and quark de-
cay modes with account for the hard gluon corrections
to the effective four-quark interaction of weak currents.
These corrections result in the factor of a1 = 1.22± 0.04.
The width is expressed through the leptonic constant of
fBc ≈ 400 MeV. This estimate of the quark-contribution
does not depend on a hadronization model, since a large
energy release of the order of the meson mass takes place.
From the following expression, one can see that the con-
tribution by light leptons and quarks can be neglected,
Γ(ann.) =
∑
i=τ,c
G2F
8π
|Vbc|2f2BcMm2i (1−m2i /m2Bc)2 · Ci ,
where Cτ = 1 for the τ
+ντ -channel and Cc = 3|Vcs|2a21
for the cs¯-channel.
As for the non-annihilation decays, in the approach
of the Operator Product Expansion for the quark cur-
rents of weak decays [18], one takes into account the αs-
corrections to the free quark decays and uses the quark-
hadron duality for the final states. Then one considers
the matrix element for the transition operator over the
bound meson state. The latter allows one also to take
into account the effects caused by the motion and virtu-
ality of decaying quark inside the meson because of the
interaction with the spectator. In this way the b¯ → c¯cs¯
decay mode turns out to be suppressed almost completely
due to the Pauli interference with the charm quark from
the initial state. Besides, the c-quark decays with the
spectator b¯-quark are essentially suppressed in compari-
son with the free quark decays because of a large bound
energy in the initial state.
TABLE I: The branching ratios of the Bc decay modes calcu-
lated in the framework of inclusive OPE approach, by sum-
ming up the exclusive modes in the potential model [9, 10] and
according to the semi-inclusive estimates in the sum rules of
QCD and NRQCD [21, 22].
Bc decay mode OPE, % PM, % SR, %
b¯→ c¯l+νl 3.9± 1.0 3.7± 0.9 2.9± 0.3
b¯→ c¯ud¯ 16.2± 4.1 16.7± 4.2 13.1± 1.3∑
b¯→ c¯ 25.0± 6.2 25.0± 6.2 19.6± 1.9
c→ sl+νl 8.5± 2.1 10.1± 2.5 9.0± 0.9
c→ sud¯ 47.3 ± 11.8 45.4± 11.4 54.0± 5.4∑
c→ s 64.3 ± 16.1 65.6± 16.4 72.0± 7.2
B+c → τ
+ντ 2.9± 0.7 2.0± 0.5 1.8± 0.2
B+c → cs¯ 7.2± 1.8 7.2± 1.8 6.6± 0.7
In the framework of exclusive approach, it is necessary
to sum up widths of different decay modes calculated in
the potential models. While considering the semileptonic
decays due to the b¯ → c¯l+νl and c → sl+νl transitions,
one finds that the hadronic final states are practically sat-
urated by the lightest bound 1S-state in the (c¯c)-system,
i.e. by the ηc and J/ψ particles, and the 1S-states in the
(b¯s)-system, i.e. Bs and B
∗
s , which can only enter the
accessible energetic gap.
Further, the b¯→ c¯ud¯ channel, for example, can be cal-
culated through the given decay width of b¯→ c¯l+νl with
account for the color factor and hard gluon corrections
to the four-quark interaction. It can be also obtained as
a sum over the widths of decays with the (ud¯)-system
bound states.
The results of calculation for the total Bc width in the
inclusive OPE and exclusive PM approaches give the val-
ues consistent with each other, if one takes into account
the most significant uncertainty related to the choice of
quark masses (especially for the charm quark), so that
3finally, we have
τ [B+c ]ope, pm = 0.55± 0.15 ps, (1)
which agrees with the measured value of Bc lifetime.
The OPE estimates of inclusive decay rates agree with
recent semi-inclusive calculations in the sum rules of
QCD and NRQCD [21, 22], where one assumed the sat-
uration of hadronic final states by the ground levels in
the cc¯ and b¯s systems as well as the factorization al-
lowing one to relate the semileptonic and hadronic de-
cay modes. The coulomb-like corrections in the heavy
quarkonia states play an essential role in the Bc decays
and allow one to remove the disagreement between the
estimates in sum rules and OPE. In contrast to OPE,
where the basic uncertainty is given by the variation of
heavy quark masses, these parameters are fixed by the
two-point sum rules for bottomonia and charmonia, so
that the accuracy of SR calculations for the total width of
Bc is determined by the choice of scale µ for the hadronic
weak lagrangian in decays of charmed quark. We show
this dependence in Fig. 1, where mc2 < µ < mc and the
dark shaded region corresponds to the scales preferred by
data on the charmed meson lifetimes.
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FIG. 1: The Bc lifetime calculated in QCD sum rules ver-
sus the scale of hadronic weak lagrangian in the decays of
charmed quark. The wide shaded region shows the uncer-
tainty of semi-inclusive estimates, the dark shaded region is
the preferable choice as given by the lifetimes of charmed
mesons. The dots represent the values in OPE approach taken
from ref. [18]. The narrow shaded region represents the re-
sult obtained by summing up the exclusive channels with the
variation of hadronic scale in the decays of beauty anti-quark
in the range of 1 < µb < 5 GeV. The arrow points to the
preferable prescription of µ = 0.85 GeV as discussed in [22].
Supposing the preferable choice of scale in the c → s
decays of Bc to be equal to µ
2
Bc
≈ (0.85 GeV)2, putting
a1(µBc) = 1.20 and neglecting the contributions caused
by nonzero a2 in the charmed quark decays [22], in the
framework of semi-inclusive sum-rule calculations we pre-
dict
τ [Bc]sr = 0.48± 0.05 ps, (2)
which agrees with the direct summation of exclusive
channels calculated in the next sections. In Fig. 1 we
show the exclusive estimate of lifetime, too.
III. MACHINERY OF QCD SUM RULES
In this section we present basic points for the proce-
dure of calculating the form factors for the various exclu-
sive semileptonic decays of Bc. We omit some technical
details, which can be found in a number of references
appropriately cited.
A. Form factors
We accept the following convention on the normaliza-
tion of wave functions for the hadron states under study,
i.e. for the pseudoscalar (P ) and vector (V ) states:
〈0|Jµ|P 〉 = −i fP pµ, (3)
〈0|Jµ|V 〉 = ǫµ fV MV , (4)
where fP, V denote the leptonic constants, so that they
are positive,
fP,V > 0,
pµ is a four-momentum of the hadron, ǫµ is a polarization
vector of V , MV is its mass, and the current is composed
of the valence quark fields constituting the hadron
Jµ = q¯1 γµ(1− γ5) q2.
In this respect we can easily apply the ordinary Feynman
rules for the calculations of diagrams, so that the quark-
meson vertices in the decay channel are chosen with the
following spin structures:
ΓP =
i√
2
γ5, ΓV = − 1√
2
ǫµ.
Then, we get general expressions for the hadronic matrix
elements of weak currents in the exclusive decays of P →
P ′ and P → V with the definitions of form factors given
by the formulae
〈P ′(p2)|Jµ|P (p1)〉 = f+pµ + f−qµ, (5)
1
i
〈V (p2)|Jµ|P (p1)〉 = iFV ǫµναβǫ∗νpαqβ + FA0 ǫ∗µ +
FA+ (ǫ
∗p1)pµ + F
A
− (ǫ
∗p1)qµ, (6)
where qµ = (p1 − p2)µ and pµ = (p1 + p2)µ. The form
factors f± are dimensionless, while FV and F
A
± has a di-
mension of inverse energy, FA0 is of the energy dimension.
In the case of nonrelativistic description for both initial
and final meson states we expect that
f+ > 0, f− < 0, FV > 0,
FA0 > 0, F
A
+ < 0, F
A
− > 0.
4It is important to note that for the pseudoscalar state
the hermitian conjugation in (3) does not lead to the
change of sign in the right hand side of equation be-
cause of the prescription accepted, since the conjugation
of imaginary unit takes place with the change of sign for
the momentum of meson (the transition from the out-
state to in-one). The same speculations show that the
spin structure of matrix element in the quark loop order
does not involve a functional dependence of form factors
on the transfer momentum squared except of FA0 , so that
we expect that the simplest modelling in the form of the
pole dependence can be essentially broken for FA0 , while
the other form factors are fitted by the pole model in a
reasonable way.
Following the standard procedure for the evaluation of
form factors in the framework of QCD sum rules [23], in
the Bc decays we consider the three-point functions
Πµ(p1, p2, q
2) = i2
∫
dxdy ei(p2·x−p1·y) · 〈0|T {q¯2(x)γ5q1(x)Jµ(0) b¯(y)γ5c(y)}|0〉, (7)
ΠJµν(p1, p2, q
2) = i2
∫
dxdy ei(p2·x−p1·y) · 〈0|T {q¯2(x)γµq1(x)Jµ(0) b¯(y)γ5c(y)}|0〉, (8)
where q¯2(x)γ5q1(x) and q¯2(x)γνq1(x) denote the interpo-
lating currents for the final states mesons.
The Lorentz structures in the correlators can be writ-
ten down as
Πµ = Π+(p1 + p2)µ +Π−qµ, (9)
ΠJµν = iΠV ǫµναβp
α
2 p
β
1 +Π
A
0 gµν +Π
A
1 p2,µp1,ν +
ΠA2 p1,µp1,ν +Π
A
3 p2,µp2,ν +Π
A
4 p1,µp2,ν . (10)
The form factors f±, FV , F
A
0 and F
A
± are determined
from the amplitudes Π±, ΠV , Π
A
0 and Π
A
± =
1
2 (Π
A
1 ±ΠA2 ),
respectively. In (9)–(10) the scalar amplitudes Π are the
functions of kinematical invariants, i.e. Π = Π(p21, p
2
2, q
2).
The leading QCD term is a triangle quark-loop dia-
gram in Fig. 2, for which we can write down the double
dispersion representation at q2 ≤ 0
Πperti (p
2
1, p
2
2, q
2) = − 1
(2π)2
∫
ρperti (s1, s2, Q
2)
(s1 − p21)(s2 − p22)
ds1ds2
+ subtractions,
where Q2 = −q2 ≥ 0, and the integration region is de-
termined by the condition
− 1 < 2s1s2 + (s1 + s2 − q
2)(m2b −m2c − s1)
λ1/2(s1, s2, q2)λ1/2(m2c , s1,m
2
b)
< 1, (11)
where λ(x1, x2, x3) = (x1 + x2 − x3)2 − 4x1x2. The ex-
pressions for spectral densities ρperti (s1, s2, Q
2) were cal-
culated in [21] and presented explicitly in Appendix A of
ref. [22].
The connection to hadrons in the framework of QCD
sum rules is obtained by matching the resulting QCD
expressions of current correlators with the spectral rep-
resentation, derived from a double dispersion relation at
q2 ≤ 0, so that
Πi(p
2
1, p
2
2, q
2) = − 1
(2π)2
∫
ρphysi (s1, s2, Q
2)
(s1 − p21)(s2 − p22)
ds1ds2
+ subtractions,
p2
q
p1 k
m3
m1 m2
FIG. 2: The triangle diagram, giving the leading perturbative
term in the OPE expansion of three-point function.
Assuming that the dispersion relation is well convergent,
the physical spectral functions are generally saturated by
the ground hadronic states and a continuum starting at
some effective thresholds sth1 and s
th
2
ρphysi (s1, s2, Q
2) = ρresi (s1, s2, Q
2) + ρconti (s1, s2, Q
2),
where the resonance term is expressed through the prod-
uct of leptonic constant and form factor for the transition
under consideration, so that
ρresi (s1, s2, Q
2) = 〈0|q¯3
[
γ5
γµ
]
q2|P ′(V )〉 〈Bc|b¯γ5c|0)〉 ·
Fi(Q
2) (2π)2δ(s1 −M21 )δ(s2 −M22 )
+higher state contributions,
where M1,2 denote the masses of hadrons in the initial
and final states. The continuum of hadron states is usu-
ally approximated by the perturbative absorptive part
of Πi above the continuum threshold, that involves the
parametric dependence of sum rule results on the values
of threshold energies.
5Then, the expressions for the form factors Fi can be de-
rived by equating the representations for the three-point
functions Πi in terms of physical densities and those of
calculated in QCD, which means the formulation of sum
rules. In this work we use the scheme of moments, im-
plying the calculation of n-th derivatives of scalar corre-
lators Π(p21, p
2
2, Q
2) over the squared momenta of initial
and final channels p21 and p
2
2 at p
2
1 = p
2
2 = Q
2 = 0.
B. Coulomb corrections in the heavy quarkonia
For the heavy quarkonium b¯c, where the relative ve-
locity of quark movement is small, an essential role is
taken by the Coulomb-like αs/v-corrections. They are
caused by the ladder diagram, shown in Fig. 3. It is well
known that an account for this corrections in two-point
sum rules numerically leads to a double-triple multipli-
cation of Born value of spectral density [24]. In our case
it leads to the finite renormalization for ρi [21], so that
ρci = Cρi, (12)
with
C2 =
∣∣∣∣∣ Ψ
C
b¯c
(0)
Ψfree
b¯c
(0)
∣∣∣∣∣
2
=
4παCs
3v
1
1− exp
(
−4πα
C
s
3v
) , (13)
where v is the relative velocity of quarks in the b¯c-system,
v =
√
1− 4mbmc
p21 − (mb −mc)2
, (14)
and the coupling constant of effective coulomb interac-
tions αCs should be prescribed by the calculations of lep-
tonic constants for the appropriate heavy quarkonia as
described in the next section.
E1 E2
p
q
p1 · · · pn
· · ·
k1
kn
FIG. 3: The ladder diagram of the Coulomb-like interaction.
A similar coulomb factor appears in the vertex of heavy
quarks composing the final heavy quarkonium, in the case
of c¯c.
C. Leptonic constants of heavy quarkonia
In order to fix such the parameters as the heavy quark
masses and effective couplings of coulomb exchange in
the nonrelativistic systems of heavy quarkonia with the
same accuracy used in the three-point sum rules, we ex-
plore the two-point sum rules of QCD for the systems
of c¯c, b¯c and b¯b. Thus, we take into account the quark
loop contribution with the coulomb factors like that of
(13). We keep this procedure despite of current status
of NRQCD sum rules for the heavy quarkonium, wherein
the three-loop corrections to the correlators are available
to the moment (see [25] for review), since for the sake
of consistency, the calculations should be performed in
the same order for both the three-point and two-point
correlators. This fact follows from the expression for the
resonance term in the three-point correlator, so that the
form factor of transition involves the normalization by
the leptonic constants extracted from the two-point sum
rules. This procedure is taken since calculations of two-
loop corrections to the three-point correlators are not
available to the moment, unfortunately.
Then, the use of experimental values for the leptonic
constants of charmonium and bottomonium in addition
to the consistent description of spectral function mo-
ments in the two-point sum rules allows us to extract
the effective couplings of coulomb exchange as well as
the heavy quark masses in the heavy quarkonium chan-
nels. A characteristic picture for the description of lep-
tonic constant for the 1S vector state of bottomonium Υ
is shown in Fig. 4 as obtained in the scheme of moments
for the spectral function. In this calculations we take
5 10 15 20 25
0.4
0.5
0.6
0.7
0.8
fΥ, MeV
n
FIG. 4: The two-point sum rules in the moment scheme for
Υ. The dashed curve represents the result versus the moment
number n at mb = 4.63 GeV, the solid line does at mb =
4.59 GeV.
into account the contributions caused by the higher ex-
citations due to the known masses and ratios of leptonic
constants to that of ground state. These higher level
terms are important at small n in order to get the stable
description of leptonic constant for the ground state. We
have found that the normalization of leptonic constant
is fixed by the appropriate choice of effective constant
6for the coulomb exchange αCs , while the stability is very
sensitive to the prescribed value of heavy quark mass.
The above procedure allows us to extract the following
values of effective constants:
αCs [b¯c] = 0.45, α
C
s [c¯c] = 0.60, α
C
s [b¯b] = 0.37,
where we have used the experimental normalization of
leptonic constant [26]
fψ = (409± 8) MeV, fΥ = (690± 15) MeV.
and the scaling relation obtained in the quasilocal sum
rules [27],
f2nS
MnS
(
MnS(m1 +m2)
4m1m2
)2
=
c
n
, (15)
where c is a constant value independent of the heavy
flavours in the quarkonium as well as its excitation num-
ber. Eq. (15) is valid for the leptonic constants of nS-
levels in the heavy quarkonia composed of heavy quarks
with the masses m1 and m2. This relation yields also the
leptonic constant for the Bc meson not yet measured to
the moment, so that the prediction3 reads off
fBc = (400± 15) MeV.
The heavy quark masses are given by
mb = 4.60± 0.02GeV, mc = 1.40± 0.03GeV.
The physical meaning of above values for the heavy quark
masses is determined by the threshold posing the en-
ergy at which the coulomb spectrum starts, so that it is
very close to the so-called ‘potential subtracted masses’
of heavy quarks,mPS known in the literature (see [29]) in
the context of renormalon in the perturbative pole mass
[30]. We have found that the numerical values obtained
coincide with the appropriate mPS within the error bars.
D. Leptonic constants of heavy-light mesons
As was already explained the calculations in the three-
point and two-point sum rules should be performed in
the same order of αs. So, although the three-loop calcu-
lation are available for the leptonic constants of heavy-
light mesons to the moment [31], we will use the quark-
loop approximation (see details in [22]). In that case
the renormalization constants of quark-meson vertex in
both the three-point and two-point sum rules cancel each
other in the expression for the transition form factors,
while the absolute normalization of leptonic constants of
heavy-light mesons is irrelevant in this respect, and it is
3 The consideration of leptonic constants for the heavy quarkonia
in the framework of potential approach was presented in [28].
defined by the loop corrections, which are rather signifi-
cant [31].
Operationally, we put the following expression for the
leptonic constant of pseudoscalar meson containing the
heavy quark Q
fQq¯ = K ·Ec
√
Ec
mQ
α
1/9
s (mQ)
π
√
2
(
mQ
MQq¯
)3/2
·
(
1− 2αs(mQ)
3π
+
3
88
E2c
m2Q
− π
2
2
〈q¯q〉
E3c
)
, (16)
where we numerically accept
αs(mc) = 0.35, αs(mb) = 0.22,
with the dimensional parameters
Ec = 1.2 GeV, 〈u¯u〉 = 〈d¯d〉 = −(0.27)3 GeV3,
which was reasonably investigated in [22]. We stress,
first, that at the fixed value of energy threshold Ec in
the heavy-light channel the total dependence of transi-
tion form factors of Bc into the heavy-light meson has a
local minimum, which ensures the stability of result with
respect to a small variation of Ec. Second, the K-factor
caused by the higher loop-corrections is irrelevant for the
extraction of form factors, although it is large [31].
Next, the fixed value of threshold energyEc determines
the binding energy of heavy quark in the meson, Λ¯ ≈ 0.63
GeV, which yields the same value of mass for the beauty
quark, mb ≈ 4.6 GeV, as it was determined from the
analysis of two-point sum rules in the b¯b channel. How-
ever, taking into account the second order corrections in
1/mc, we find that the mass of charmed quark is shifted
to the value of mc ≈ 1.2 GeV in the heavy-light channel
in comparison with the c¯c states. Thus, in the transition
of Bc to the charmed meson we put the mass of spec-
tator charmed quark equal to mc ≈ 1.2 GeV, while for
the transition into the charmonium we accept mc ≈ 1.4
GeV, as discussed above.
Finally, we take the following ordinary ratios of lep-
tonic constants for the vector and pseudoscalar states
and for the heavy-strange mesons:
fB∗
fB
≈ fD∗
fD
≈ 1.11, fBs
fB
≈ fDs
fD
≈ 1.16,
which agree with the lattice computations [32].
E. Finite energy sum rules
Putting the density of continuum hadronic states equal
to that of calculated in the perturbative QCD, we in-
volve the dependence of calculations on the threshold
energy sth in the channels of two-quark currents, since
this procedure supposes the cancellation of integrals over
the spectral functions in both theoretical and physical
7parts of sum rules. At rather high numbers of moments
for the spectral density the contributions of excitations
like 2S, are suppressed by the high powers of mass ra-
tio M1S/M2S , so that the local stability of form factor
value on the variation of moment number allow us extract
the form factor for the transition of 1S → 1S, which is
sufficient for the Bc decays in the heavy-light mesons.
However, the estimates for the decays into the quite nar-
row 2S-resonances of charmonium cannot be obtained in
this way.
We accept the concept of finite energy sum rules [33]
in order to calculate the form factors for the decays of
Bc → c¯c[2S]. In this approach we suggest that with a
rather good accuracy the contribution to the correlator
evaluated by the theoretical spectral density integrated
out over the finite energy interval containing the reso-
nance under consideration gives the approximation for
the appropriate physical part excluding the contributions
of other resonances. In contrast to the global integration
in the standard QCD sum rules, where the result for the
1S channel reveals a weak dependence on the continuum
threshold, the choice of duality interval for the 2S level
involves a significant variation of the result on the level
of 20%. In order to minimize the variation we explore the
principle of stability, implying the presence of local min-
imum in the ratios of form factors for the decays into the
1S and 2S states of charmonium: FBc→c¯c[1S]/FBc→c¯c[2S].
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FIG. 5: The ratio of form factors R for the transitions of Bc
meson into the vector charmonium states versus the numbers
of moments in the channels of b¯c and c¯c.
In detail, we parameterize the energy E in the bound
state channels by the relative momentum k, so that
E =
k2
2mred
,
where mred is the reduced mass of quarks composing the
meson. In the QCD sum rules yielding the form factors
for the FBc→c¯c[1S] transition we put the initial and final
values of momentum determining the resonance range by
ki[1S] = 0, kth[1S] = 1.2 GeV,
while in the finite energy sum rules yielding the form
factors for the FBc→c¯c[2S] transition we put
ki[2S] = 1.09 GeV, kth[2S] = 1.2 GeV,
which fits the region of 2S charmonium. At the above
values of thresholds the ratio of form factors
R = F
A
0 (Bc → c¯c[1S])
FA0 (Bc → c¯c[2S])
as well as both form factors themselves reveal the sta-
bility versus the variation of moment numbers as shown
in Fig. 5. The ratios for the other form factors mul-
tiplied by the kinematic factors depending on the total
spin j = 0, 1 of recoil meson
κj =
f1SM
2−j
1S
f2SM
2−j
2S
as evaluated in the framework of finite energy sum rules
are presented in Table II.
TABLE II: The ratio of form factors R2S in the decays of Bc
into the 1S and 2S charmonium states.
Form factor f+ f− FV F
A
0 F
A
+ F
A
−
R2S · κj 3.9 2.2 3.1 3.5 4.9 2.3
Thus, we have found that the amplitudes squared for
the decays of Bc into the 2S charmonium are suppressed
by an order of magnitude in comparison with the appro-
priate values for the decay into the ground pseudoscalar
and vector states.
F. Numerical values
The characteristic dependence of sum rule results in
the scheme of moments for the spectral density is shown
in Fig. 6, wherein we see the region of stability versus the
variation of moment numbers in both channels of initial
and final hadron states. Similar results are obtained for
the other form factors of decays under consideration.
Our estimates are summarized in Table III, where for
the sake of comparison we expose the results obtained
in the potential model [9], which parameters are listed
in Appendix B of ref.[22]. In the potential model the
most reliable results are expected at zero recoil of meson
in the final state of transition, since the wave functions
are rather accurately calculable at small virtualities of
quarks composing the meson. We take the predictions of
the potential model at zero recoil and evolve the values
of form factors to zero transfer squared in the model with
the pole dependence
Fi(q
2) =
Fi(0)
1− q2/M2i, pole
,
8TABLE III: The form factors of various transitions calculated in the framework of QCD sum rules at q2 = 0 in comparison
with the estimates in the potential model (PM) of [9].
Transition f+, [PM] f−, [PM] FV , [PM] (GeV
−1) FA0 , [PM] (GeV) F
A
+ , [PM] (GeV
−1) FA− , [PM] (GeV
−1)
Bc → B
(∗)
s 1.3, [1.1] -5.8, [-5.9] 1.1, [1.1] 8.1, [8.2] 0.2, [0.3] 1.8, [1.4]
Bc → B
(∗) 1.27, [1.38] -7.3, [-7.3] 1.35, [1.37] 9.8, [9.4] 0.35, [0.36] 2.5, [1.75]
Bc → D
(∗) 0.32, [0.29] -0.34, [-0.37] 0.20, [0.21] 3.6, [3.6] -0.062, [-0.060] 0.10, [0.16]
Bc → D
(∗)
s 0.45, [0.43] -0.43, [-0.56] 0.24, [0.27] 4.7, [4.7] -0.077, [-0.071] 0.13, [0.20]
Bc → c¯c[1S] 0.66, [0.7] -0.36, [-0.38] 0.11, [0.10] 5.9, [6.2] -0.074, [-0.070] 0.12, [0.14]
TABLE IV: The pole masses used in the model for the form factors in various transitions.
Transition Mpole[f+], GeV Mpole[f−], GeV Mpole[FV ], GeV Mpole[F
A
0 ], GeV Mpole[F
A
+ ], GeV Mpole[F
A
− ], GeV
Bc → c¯c 4.5 4.5 4.5 4.5 4.5 4.5
Bc → B
(∗)
s 1.8 1.8 1.8 1.8 1.8 1.8
Bc → B
(∗) 1.7 1.7 2.2 3.2 2.2 3.2
Bc → D
(∗) 5.0 5.0 6.2 ∞ 6.2 6.2
Bc → D
(∗)
s 5.0 5.0 6.2 ∞ 6.2 6.2
making use of numerical values ofMi, pole shown in Table
IV. We stress the fact that the potential model points
to the approximately constant value of the form factor
FA0 because of additional kinematical dependence in the
transition of Bc → D∗ and Bc → D∗s .
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FIG. 6: The form factor FA0 (GeV) at q
2 = 0 for the transition
of Bc meson into the vector B
∗ state versus the numbers of
moments in the channels of b¯c and b¯u.
The sum rule estimates of form factors are taken at
zero transfer squared, while the dependence on q2 is be-
yond the reliable accuracy of the method, particularly,
because at positive transfer squared some non-Landau
singularities could be important. So, the slopes of form
factors are not under control in the sum rules. Never-
theless, due to a suggestion on the pole dependence we
can restore the behaviour of form factors in the whole
physical region with the parameters shown in Table IV.
Of course, the numerical values of pole masses can vary
in reasonable ranges, which involves the uncertainty in
the estimates of width about 5–10%, depending on the
energy release: at a small energy release the errors of
modelling become less.
IV. RELATIONS BETWEEN THE FORM
FACTORS
In the limit of infinitely heavy quark mass, the NRQCD
and HQET lagrangians possess the spin symmetry, since
the heavy quark spin is decoupled in the leading ap-
proximation. The most familiar implication of such the
symmetry is the common Isgur-Wise function determin-
ing the form factors in the semileptonic decays of singly
heavy hadrons.
In contrast to the weak decays with the light spectator
quark, the Bc decays to both the charmonia ψ and ηc and
B
(∗)
s involve the heavy spectator, so that the spin sym-
metry works only at the recoil momenta close to zero,
where the spectator enters the heavy hadron in the fi-
nal state with no hard gluon rescattering. Hence, in a
strict consideration we expect the relations between the
form factors in the vicinity of zero recoil. The normaliza-
tion of common form factor is not fixed, as was in decays
of hadrons with a single heavy quark, since the heavy
quarkonia wave-functions are flavour-dependent. Never-
theless, in practice, the ratios of form factors as fixed at
a given zero recoil point are broken only by the different
dependence on the transfer squared, that is not signifi-
cant in real numerical estimates in the restricted region
of physical phase space.
As for the implications of spin symmetry for the form
factors of decay, in the soft limit for the transitions B+c →
ψ(ηc)e
+ν
vµ1 6= vµ2 , (17)
w = v1 · v2 → 1,
where vµ1,2 = p
µ
1,2/
√
p21,2 are the four-velocities of heavy
quarkonia in the initial and final states, we derive the
relations [21]
9f+(c
P
1 · M2 − cP2M1)− f−(cP1 ·M2 + cP2 · M1) = 0, FA0 · cV − 2cǫ · FVM1M2 = 0, (18)
FA0 (c1 + c2)− cǫM1(FA+ (M1 +M2) + FA− (M1 −M2)) = 0, FA0 cP1 + cǫ · M1(f+ + f−) = 0, (19)
where
cǫ = −2, c1 = −m3(3m1 +m3)
4m1m2
, c2 =
1
4m1m2
(4m1m2 +m1m3 + 2m2m3 +m
2
3),
cP1 = 1 +
m3
2m1
− m3
2m2
, cP2 = 1−
m3
2m1
+
m3
2m2
, cV = − 1
2m1m2
(2m1m2 +m1m3 +m2m3),
(20)
so thatm1 is the mass of decaying quark,m2 is the quark
mass of decay product, and m3 is the mass of spectator
quark, while M1 = m1 +m2, M2 = m2 +m3.
The SR estimates of form factors show a good agree-
ment with the relations, whereas the deviations can be
basically caused by the difference in the q2-evolution of
form factors from the zero recoil point, that can be ne-
glected within the accuracy of SR method for the transi-
tions of Bc → c¯c as shown in [21].
In the same limit for the semileptonic modes with a
single heavy quark in the final state we find that the am-
biguity in the ‘light quark propagator’ (strictly, we deal
with the uncertainty in the spin structure of amplitude
because of light degrees of freedom) restricts the number
of relations, and we derive
f+(c¯
P
1 ·M2− c¯P2 M1)−f−(c¯P1 ·M2+ c¯P2 ·M1) = 0, FA0 ·c¯V −2c¯ǫ ·FVM1M2 = 0, FA0 c¯P1 + c¯ǫ ·M1(f++f−) = 0, (21)
where
c¯ǫ = −2, c¯V = −1− B˜ − m3
2m1
, c¯P1 = 1− B˜ +
m3
2m1
, c¯P2 = 1 + B˜ −
m3
2m1
, (22)
so that m2 is the mass of the light quark. The parameter
B˜ has the form
B˜ = −2m1 +m3
2m1
+
4m3(m1 +m3)FV
FA0
. (23)
The 1/mQ-deviations from the symmetry relations in the
decays of B+c → B(∗)s e+ν are about 10-15 %, as found in
the QCD sum rules considered in [22].
Next, we investigate the validity of spin-symmetry re-
lations in the Bc decays to B
(∗), D(∗) and D
(∗)
s . The
results of estimates for the f± evaluated by the symme-
try relations with the inputs given by the form factors
FV and F
A
0 extracted from the sum rules are presented
in Table V in comparison with the values calculated in
the framework of sum rules.
We have found that the uncertainty in the estimates
is basically determined by the variation of pole masses
in the q2-dependencies of form factors, which govern the
evolution from the zero recoil point to the zero trans-
fer squared. So, the variation of Mpole[f±] in the range
of 4.8 − 5 GeV for the transitions of Bc → D(∗) and
Bc → D(∗)s results in the 30%-uncertainty in the form
factors presented in Table V. Analogously, the variation
of Mpole[f±] in the range of 1.5− 1.9 GeV for the transi-
tion of Bc → B(∗) results in the uncertainty about 35%.
Note, that the combinations of relations given above
reproduce the only equality [34], which was found for
each mode in the strict limit of v1 = v2.
V. SEMILEPTONIC AND LEPTONIC MODES
A. Semileptonic decays
The semileptonic decay rates are underestimated in the
QCD SR approach of ref. [19], because large coulomb-
like corrections were not taken into account. The recent
analysis of SR in [20, 21, 22] decreased the uncertainty,
so that the estimates agree with the calculations in the
potential models.
The absolute values of semileptonic widths are pre-
sented in Table VI in comparison with the estimates ob-
tained in potential models.
In practice, the most constructive information is given
by the ψ mode, since this charmonium is clearly detected
in experiments due to the pure leptonic decays [6]. In
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TABLE V: The comparison of sum rule results for the form factors f± with the values obtained by the spin symmetry with
the inputs of FA0 and FV extracted from the QCD sum rules. The values of pole masses are also explicitly shown.
Transition Form factor Sum Rules Spin symmetry Mpole[f±], GeV Mpole[FV ], GeV
Bc → D
(∗) f+ 0.32 0.31 4.8 6.2
Bc → D
(∗) f− -0.34 -0.36 4.8 6.2
Bc → D
(∗)
s f+ 0.45 0.45 4.8 6.2
Bc → D
(∗)
s f− -0.43 -0.51 4.8 6.2
Bc → B
(∗) f+ 1.27 1.53 1.5 2.6
Bc → B
(∗) f− -7.3 -7.1 1.5 2.6
addition to the investigation of various form factors and
their dependence on the transfer squared, we would like
to stress that the measurement of decay to the excited
state of charmonium, i.e. ψ′, could answer the question
on the reliability of QCD predictions for the decays to
the excited states. We see that to the moment the finite
energy sum rules predict the width of B+c → ψ′l+ν de-
cays in a reasonable agreement with the potential models
if one takes into account an uncertainty about 50%.
TABLE VI: Exclusive widths of semileptonic B+c decays, Γ
in 10−15 GeV, the symbol ⋆ marks the result of this work.
Mode Γ [⋆] Γ [12] Γ [13] Γ [14] Γ [15] Γ [16]
B+c → ηce
+ν 11 11.1 14.2 14 10.4 8.6
B+c → ηcτ
+ν 3.3 3.8 2.9
B+c → η
′
ce
+ν 0.28 0.73 0.74
B+c → η
′
cτ
+ν 0.024
B+c → J/ψe
+ν 28 30.2 34.4 33 16.5 18
B+c → J/ψτ
+ν 7.0 8.4 5.0
B+c → ψ
′e+ν 1.36 1.45 3.1
B+c → ψ
′τ+ν 0.12
B+c → D
0e+ν 0.059 0.049 0.094 0.26 0.026
B+c → D
0τ+ν 0.032 0.14
B+c → D
∗0e+ν 0.27 0.192 0.269 0.49 0.053
B+c → D
∗0τ+ν 0.12 0.27
B+c → B
0
se
+ν 59 14.3 26.6 29 13.8 15
B+c → B
∗0
s e
+ν 65 50.4 44.0 37 16.9 34
B+c → B
0e+ν 4.9 1.14 2.30 2.1
B+c → B
∗0e+ν 8.5 3.53 3.32 2.3
B. Leptonic decays
The dominant leptonic decay of Bc is given by the τντ
mode (see Table I). However, it has a low experimental
efficiency of detection because of hadronic background
in the τ decays or a missing energy. Recently, in refs.
[35] the enhancement of muon and electron channels in
the radiative modes was studied. The additional photon
allows one to remove the helicity suppression for the lep-
tonic decay of pseudoscalar particle, which leads, say, to
the double increase of muonic mode.
VI. NON-LEPTONIC MODES
In comparison with the inclusive non-leptonic widths,
which can be estimated in the framework of quark-hadron
duality (see Table I), the calculations of exclusive modes
usually involves the approximation of factorization [36],
which, as expected, can be quite accurate for the Bc,
since the quark-gluon sea is suppressed in the heavy
quarkonium. Thus, the important parameters are the
factors a1 and a2 in the non-leptonic weak lagrangian,
which depend on the normalization point suitable for the
Bc decays.
TABLE VII: Exclusive non-leptonic decay widths of the Bc
meson, Γ in 10−15 GeV, the symbol ⋆ marks the result of this
work. The b¯-quark decays with c-quark spectator.
Class Mode Γ [⋆] Γ [12] Γ [13] Γ [16]
B+c → ηcπ
+ 1.8 a21 1.59 a
2
1 2.07 a
2
1 1.47 a
2
1
B+c → ηcρ
+ 4.5 a21 3.74 a
2
1 5.48 a
2
1 3.35 a
2
1
B+c → J/ψπ
+ 1.43 a21 1.22 a
2
1 1.97 a
2
1 0.82 a
2
1
B+c → J/ψρ
+ 4.37 a21 3.48 a
2
1 5.95 a
2
1 2.32 a
2
1
I B+c → ηcK
+ 0.15 a21 0.119 a
2
1 0.161 a
2
1 0.15 a
2
1
B+c → ηcK
∗+ 0.22 a21 0.200 a
2
1 0.286 a
2
1 0.24 a
2
1
B+c → J/ψK
+ 0.12 a21 0.090 a
2
1 0.152 a
2
1 0.079 a
2
1
Bc → J/ψK
∗+ 0.25 a21 0.197 a
2
1 0.324 a
2
1 0.18 a
2
1
B+c → D
+D
0
1.9 a22 0.633 a
2
2 0.664 a
2
2 2.72 a
2
2
B+c → D
+D
∗0
2.75 a22 0.762 a
2
2 0.695 a
2
2 2.10 a
2
2
B+c → D
∗+D
0
1.8 a22 0.289 a
2
2 0.653 a
2
2 0.86 a
2
2
B+c → D
∗+D
∗0
12.0 a22 0.854 a
2
2 1.080 a
2
2 1.32 a
2
2
II B+c → D
+
s D
0
0.18 a22 0.0415 a
2
2 0.0340 a
2
2
B+c → D
+
s D
∗0
0.25 a22 0.0495 a
2
2 0.0354 a
2
2
B+c → D
∗+
s D
0
0.17 a22 0.0201 a
2
2 0.0334 a
2
2
B+c → D
∗+
s D
∗0
0.93 a22 0.0597 a
2
2 0.0564 a
2
2
The QCD SR estimates for the non-leptonic decays of
charmed quark in Bc give the widths represented in Ta-
bles VII and VIII. The agreement of results with the
11
TABLE VIII: Exclusive non-leptonic decay widths of the Bc meson, Γ in 10
−15 GeV, the symbol ⋆ marks the result of this
work. The b¯-quark decays involving the Pauli interference with the c-quark spectator.
Class Mode Γ [⋆] Γ [12] Γ [13] Γ [16]
B+c → ηcD
+
s (2.39 a1 + 3.50 a2)
2 (2.16 a1 + 2.57 a2)
2 (1.13 a1 + 1.98 a2)
2 (2.58 a1 + 3.40 a2)
2
B+c → ηcD
∗+
s (2.16 a1 + 2.51 a2)
2 (2.03 a1 + 2.16 a2)
2 (1.04 a1 + 1.90 a2)
2 (2.36 a1 + 1.99 a2)
2
B+c → J/ψD
+
s (1.92 a1 + 3.11 a2)
2 (1.62 a1 + 1.72 a2)
2 (1.02 a1 + 1.95 a2)
2 (1.65 a1 + 2.92 a2)
2
B+c → J/ψD
∗+
s 13.3 a
2
1 + 42.2 a1a2 + 48.3 a
2
2 (3.13 a1 + 3.67 a2)
2 (3.31 a1 + 3.89 a2)
2
III B+c → ηcD
+ (0.50 a1 + 0.56 a2)
2 (0.485 a1 + 0.528 a2)
2 (0.193 a1 + 0.440 a2)
2 (0.47 a1 + 0.73 a2)
2
B+c → ηcD
∗+ (0.44 a1 + 0.59 a2)
2 (0.466 a1 + 0.452 a2)
2 (0.181 a1 + 0.430 a2)
2 (0.37 a1 + 0.66 a2)
2
B+c → J/ψD
+ (0.41 a1 + 0.53 a2)
2 (0.372 a1 + 0.338 a2)
2 (0.177 a1 + 0.442 a2)
2 (0.30 a1 + 0.44 a2)
2
B+c → J/ψD
∗+ 0.52 a21 + 1.50 a1a2 + 1.68 a
2
2 (0.686 a1 + 0.732 a2)
2 (0.48 a1 + 0.80 a2)
2
values predicted by the potential models is rather good
for the direct transitions with no permutation of colour
lines, i.e. the class I processes with the factor of a1 in
the non-leptonic amplitude determined by the effective
lagrangian. In contrast, the sum rule predictions are sig-
nificantly enhanced in comparison with the values calcu-
lated in the potential models for the transitions with the
colour permutation, i.e. for the class II processes with
the factor of a2.
Further, for the transitions, wherein the interference
is significantly involved, the class III processes, we find
that the absolute values of different terms given by the
squares of a1 and a2 calculated in the sum rules are in
agreement with the estimates of potential models. We
stress that under fixing the definitions of hadron state
phases as described in section III.A, we have found that
the Pauli interference has determined the negative sign
of two amplitudes with a1 and a2, however, the relevant
Fierz transformation has led to the complete cancellation
of the Pauli interference effect, and the relative sign of
two amplitude in the modes under consideration is pos-
itive in agreement with the results of potential models
listed in Table VIII. Taking into account the negative
value of a2 with respect to a1, we see that all of decays
shown in Table VIII should be suppressed in comparison
with the case of the interference switched off. The char-
acteristic values of effects caused by the interference is
presented in Table IX, where we put the widths in the
form
Γ = Γ0 +∆Γ, Γ0 = x1 a
2
1 + x2 a
2
2, ∆Γ = za1 a2.
Then, we conclude that the interference can be straight-
forwardly tested in the listed decays, wherein its signifi-
cance reaches about 50%.
At large recoils as in B+c → ψπ+(ρ+), the spectator
picture of transition can be broken by the hard gluon ex-
changes [37]. The spin effects in such decays were studied
in [38]. However, we emphasize that the significant rates
of Bc decays to the P- and D-wave charmonium states
point out that the corrections in the second order of the
heavy-quark velocity in the heavy quarkonia under study
TABLE IX: The effect of interference in the exclusive non-
leptonic decay widths of the Bc meson with the c-quark as
spectator at ab1 = 1.14 and a
b
2 = −0.20.
Mode ∆Γ/Γ0, %
B+c → ηcD
+
s -48
B+c → ηcD
∗+
s -39
B+c → J/ψD
+
s -53
B+c → J/ψD
∗+
s -50
B+c → ηcD
+ -38
B+c → ηcD
∗+ -45
B+c → J/ψD
+ -43
B+c → J/ψD
∗+ -46
could be quite essential and they can suppress the cor-
responding decay rates, since the relative momentum of
heavy quarks inside the quarkonium if different from zero
should enhance the virtuality of gluon exchange, which
suppresses the decay amplitudes.
The widths of non-leptonic c-quark decays are listed in
Table X in comparison with the predictions of potential
models. We see that the sum rule estimates are greater
than those of potential models. In this respect we check
that our calculations are consistent with the inclusive
ones. So, we sum up the calculated exclusive widths and
estimate the total width of Bc meson as shown in Fig.
1, which points to a good agreement of our calculations
with those of OPE and semi-inclusive estimates.
Another interesting point is the possibility to extract
the factorization parameters a1 and a2 in the c-quark
decays by measuring the branching ratios
Γ[B+c → B+K¯0]
Γ[B+c → B0K+]
=
Γ[B+c → B+K¯∗0]
Γ[B+c → B0K∗+]
=
Γ[B+c → B∗+K¯0]
Γ[B+c → B∗0K+]
=
Γ[B+c → B∗+K¯∗0]
Γ[B+c → B∗0K∗+]
= (24)
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TABLE X: Exclusive non-leptonic decay widths of the Bc
meson, Γ in 10−15 GeV, the symbol ⋆ marks the result of this
work. The c-quark decays with b¯-quark spectator.
Class Mode Γ [⋆] Γ [12] Γ [13] Γ [16]
B+c → B
0
sπ
+ 167 a21 15.8 a
2
1 58.4 a
2
1 34.8 a
2
1
B+c → B
0
sρ
+ 72.5 a21 39.2 a
2
1 44.8 a
2
1 23.6 a
2
1
B+c → B
∗0
s π
+ 66.3 a21 12.5 a
2
1 51.6 a
2
1 19.8 a
2
1
B+c → B
∗0
s ρ
+ 204 a21 171. a
2
1 150. a
2
1 123 a
2
1
I B+c → B
0
sK
+ 10.7 a21 1.70 a
2
1 4.20 a
2
1
B+c → B
∗0
s K
+ 3.8 a21 1.34 a
2
1 2.96 a
2
1
B+c → B
0
sK
∗+ 1.06 a21
B+c → B
∗0
s K
∗+ 11.6 a21
B+c → B
0π+ 10.6 a21 1.03 a
2
1 3.30 a
2
1 1.50 a
2
1
B+c → B
0ρ+ 9.7 a21 2.81 a
2
1 5.97 a
2
1 1.93 a
2
1
B+c → B
∗0π+ 9.5 a21 0.77 a
2
1 2.90 a
2
1 0.78 a
2
1
B+c → B
∗0ρ+ 26.1 a21 9.01 a
2
1 11.9 a
2
1 6.78 a
2
1
B+c → B
0K+ 0.70 a21 0.105 a
2
1 0.255 a
2
1
B+c → B
0K∗+ 0.15 a21 0.125 a
2
1 0.180 a
2
1
B+c → B
∗0K+ 0.56 a21 0.064 a
2
1 0.195 a
2
1
B+c → B
∗0K∗+ 0.59 a21 0.665 a
2
1 0.374 a
2
1
B+c → B
+K0 286 a22 39.1 a
2
2 96.5 a
2
2 24.0 a
2
2
B+c → B
+K∗0 64 a22 46.8 a
2
2 68.2 a
2
2 13.8 a
2
2
B+c → B
∗+K0 231 a22 24.0 a
2
2 73.3 a
2
2 8.9 a
2
2
B+c → B
∗+K∗0 242 a22 247 a
2
2 141 a
2
2 82.3 a
2
2
II B+c → B
+π0 5.3 a22 0.51 a
2
2 1.65 a
2
2 1.03 a
2
2
B+c → B
+ρ0 4.4 a22 1.40 a
2
2 2.98 a
2
2 1.28 a
2
2
B+c → B
∗+π0 4.8 a22 0.38 a
2
2 1.45 a
2
2 0.53 a
2
2
B+c → B
∗+ρ0 13.1 a22 4.50 a
2
2 5.96 a
2
2 4.56 a
2
2
Γ0
Γ+
=
∣∣∣∣VcsV 2cd
∣∣∣∣
2 (
a2
a1
)2
.
This procedure can give the test for the factorization ap-
proach itself.
The suppressed decays caused by the flavor changing
neutral currents were studied in [39].
The CP-violation in the Bc decays can be investigated
in the same manner as made in the B decays. The
expected CP-asymmetry of A(B±c → J/ψD±) is about
4 · 10−3, when the corresponding branching ratio is sup-
pressed as 10−4 [40]. Thus, the direct study of CP-
violation in the Bc decays is practically difficult because
of low relative yield of Bc with respect to ordinary B
mesons: σ(Bc)/σ(B) ∼ 10−3. A model-independent way
to extract the CKM angle γ based on the measurement
of two reference triangles was independently offered by
Masetti, Fleischer and Wyler in [40] by investigating the
modes with the neutral charmed meson in the final state.
Another possibility is the lepton tagging of Bs in the
B±c → B(∗)s l±ν decays for the study of mixing and CP-
violation in the Bs sector [41].
VII. DISCUSSION AND CONCLUSIONS
We have calculated the exclusive decay widths of the
Bc meson in the framework of QCD sum rules and re-
viewed the current status of theoretical predictions for
the decays of Bc meson. We have found that the various
approaches: OPE, Potential models and QCD sum rules,
result in the close estimates, while the SR as explored
for the various heavy quark systems, lead to a smaller
uncertainty due to quite an accurate knowledge of the
heavy quark masses. So, summarizing we expect that
the dominant contribution to the Bc lifetime is given by
the charmed quark decays (∼ 70%), while the b-quark de-
cays and the weak annihilation add about 20% and 10%,
respectively. The coulomb-like αs/v-corrections play an
essential role in the determination of exclusive form fac-
tors in the QCD SR. The form factors obey the relations
dictated by the spin symmetry of NRQCD and HQET
with quite a good accuracy expected.
The predictions of QCD sum rules for the exclusive de-
cays of Bc are summarized in Table XI at the fixed val-
ues of factors a1,2 and lifetime. In addition to the decay
channels with the heavy charmonium J/ψ well detectable
through its leptonic mode, one could expect a significant
information on the dynamics of Bc decays from the chan-
nels with a single heavy mesons, if an experimental ef-
ficiency allows one to extract a signal from the cascade
decays. An interesting opportunity is presented by the
relations for the ratios in (24), which can shed light to
characteristics of the non-leptonic decays in the explicit
form.
We have found that the b¯ decay to the doubly charmed
states gives
Br[B+c → c¯c cs¯] ≈ 1.39%,
so that in the absolute value of width it can be compared
with the estimate of spectator decay [18],
Γ[B+c → c¯c cs¯]
∣∣
sr
≈ 20 · 10−15GeV,
Γ[B+c → c¯c cs¯]
∣∣
spect.
≈ 90 · 10−15GeV,
and we find the suppression factor of about 1/4.5. This
result is in agreement with the estimate in OPE [18],
where a strong dependence of negative term caused by
the Pauli interference on the normalization scale of non-
leptonic weak lagrangian was emphasized, so that at
moderate scales one gets approximately the same sup-
pression factor, too.
To the moment we certainly state that the accurate di-
rect measurement of Bc lifetime can provide us with the
information on both the masses of charmed and beauty
quarks and the normalization point of non-leptonic weak
lagrangian in the Bc decays (the a1 and a2 factors). The
experimental study of semileptonic decays and the ex-
traction of ratios for the form factors can test the spin
symmetry derived in the NRQCD and HQET approaches
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TABLE XI: Branching ratios of exclusive B+c decays at the fixed choice of factors: a
c
1 = 1.20 and a
c
2 = −0.317 in the non-leptonic
decays of c quark, and ab1 = 1.14 and a
b
2 = −0.20 in the non-leptonic decays of b¯ quark. The lifetime of Bc is appropriately
normalized by τ [Bc] ≈ 0.45 ps.
Mode BR, %
B+c → ηce
+ν 0.75
B+c → ηcτ
+ν 0.23
B+c → η
′
ce
+ν 0.020
B+c → η
′
cτ
+ν 0.0016
B+c → J/ψe
+ν 1.9
B+c → J/ψτ
+ν 0.48
B+c → ψ
′e+ν 0.094
B+c → ψ
′τ+ν 0.008
B+c → D
0e+ν 0.004
B+c → D
0τ+ν 0.002
B+c → D
∗0e+ν 0.018
B+c → D
∗0τ+ν 0.008
B+c → B
0
se
+ν 4.03
B+c → B
∗0
s e
+ν 5.06
B+c → B
0e+ν 0.34
B+c → B
∗0e+ν 0.58
B+c → ηcπ
+ 0.20
B+c → ηcρ
+ 0.42
B+c → J/ψπ
+ 0.13
B+c → J/ψρ
+ 0.40
B+c → ηcK
+ 0.013
B+c → ηcK
∗+ 0.020
Mode BR, %
B+c → J/ψK
+ 0.011
Bc → J/ψK
∗+ 0.022
B+c → D
+D
0
0.0053
B+c → D
+D
∗0
0.0075
B+c → D
∗+D
0
0.0049
B+c → D
∗+D
∗0
0.033
B+c → D
+
s D
0
0.00048
B+c → D
+
s D
∗0
0.00071
B+c → D
∗+
s D
0
0.00045
B+c → D
∗+
s D
∗0
0.0026
B+c → ηcD
+
s 0.28
B+c → ηcD
∗+
s 0.27
B+c → J/ψD
+
s 0.17
B+c → J/ψD
∗+
s 0.67
B+c → ηcD
+ 0.015
B+c → ηcD
∗+ 0.010
B+c → J/ψD
+ 0.009
B+c → J/ψD
∗+ 0.028
B+c → B
0
sπ
+ 16.4
B+c → B
0
sρ
+ 7.2
B+c → B
∗0
s π
+ 6.5
B+c → B
∗0
s ρ
+ 20.2
Mode BR, %
B+c → B
0
sK
+ 1.06
B+c → B
∗0
s K
+ 0.37
B+c → B
0
sK
∗+ –
B+c → B
∗0
s K
∗+ –
B+c → B
0π+ 1.06
B+c → B
0ρ+ 0.96
B+c → B
∗0π+ 0.95
B+c → B
∗0ρ+ 2.57
B+c → B
0K+ 0.07
B+c → B
0K∗+ 0.015
B+c → B
∗0K+ 0.055
B+c → B
∗0K∗+ 0.058
B+c → B
+K0 1.98
B+c → B
+K∗0 0.43
B+c → B
∗+K0 1.60
B+c → B
∗+K∗0 1.67
B+c → B
+π0 0.037
B+c → B
+ρ0 0.034
B+c → B
∗+π0 0.033
B+c → B
∗+ρ0 0.09
B+c → τ
+ντ 1.6
B+c → cs¯ 4.9
and decrease the theoretical uncertainties in the corre-
sponding theoretical evaluation of quark parameters as
well as the hadronic matrix elements, determined by the
nonperturbative effects caused by the quark confinement.
The measurement of branching fractions for the semilep-
tonic and non-leptonic modes and their ratios can in-
form on the values of factorization parameters, which de-
pend again on the normalization of non-leptonic weak la-
grangian. The charmed quark counting in the Bc decays
is related to the overall contribution of b quark decays as
well as with the suppression of b¯→ cc¯s¯ transition because
of the destructive interference, which value depends on
the nonperturbative parameters (roughly estimated, the
leptonic constant) and non-leptonic weak lagrangian.
Thus, the progress in measuring the Bc lifetime and de-
cays could enforce the theoretical understanding of what
really happens in the heavy quark decays at all.
We point also to the papers, wherein some aspects of
Bc decays and spectroscopy were studied: non-leptonic
decays in [42], polarization effects in the radiative lep-
tonic decays [43], relativistic effects [44], spectroscopy in
the systematic approach of potential nonrelativistic QCD
in [45], nonperturbative effects in the semileptonic de-
cays [46], exclusive and inclusive decays of Bc states into
the lepton pair and hadrons [47], rare decays in [48], the
spectroscopy and radiative decays in [49].
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